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IN-PLANE SWITCHING LCD DEVICE 
HAVING SLANTED CORNER PORTIONS 

RELATED APPLICATION 
[001] This is a continuation of pending prior U.S. Application No. 
09/974,842 filed October 12, 2001 (now allowed), the entire contents of 
which are hereby incorporated by reference. This application also claims 
the benefit of Korean Patent Application No. 2000-60450, filed on 
October 13, 2000, under 35 U.S.C. § 119, the entirety of which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the invention 

[002] The present invention relates to a liquid crystal display 
device, and more particularly to a liquid crystal display device 
implementing in-plane switching (IPS) where an electric field to be 
applied to liquid crystal is generated in a plane parallel to a substrate. 

Description of Related Art 

[003] Recently, light and thin liquid crystal display (LCD) devices 
with low power consumption are used in office automation equipment, 
video devices, and the like. Such LCDs typically use an optical 
anisotropy and spontaneous polarization of a liquid crystal (LC). The 
liquid crystal has thin and long liquid crystal molecules, which cause a 
directional alignment of the liquid crystal molecules. At this point, an 
alignment direction of the liquid crystal molecules is controlled by 
applying an electric field to the liquid crystal molecules. When the 
alignment direction of the liquid crystal molecules are properly adjusted, 
light is refracted along the alignment direction of the liquid crystal 
molecules to display image data. Of particular interest is an active 
matrix (AM) LCD, in which a plurality of thin film transistors and pixel 
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electrodes are arranged in matrix array, because of its high resolution 
and superiority in displaying moving pictures. Driving methods for such 
LCDs typically include a twisted nematic (TN) mode and a super twisted 
nematic (STN) mode. A TN liquid crystal panel has high transmittance 
and aperture ratio. In addition, since the common electrode on the upper 
substrate serves as a ground, static electricity is prevented from 
destroying the liquid crystal panel. 

[004] Although TN LCDs and STN LCDs, which have the same 
structure, have been put to practical use, they have a drawback in that 
they have a very narrow viewing angle. In order to avoid the problem of 
narrow viewing angle, IPS LCD devices have been proposed. IPS LCD 
devices typically include a lower substrate where a pixel electrode and a 
common electrode are disposed, an upper substrate having no electrode, 
and a liquid crystal interposed between the upper and lower substrates. 
The IPS LCD device has advantages in contrast ratio, gray inversion, and 
color shift that are related to the viewing angle. 

[005] FIG. 1A is a detailed plan view showing a unit pixel region 
10 of a typical IPS-LCD device. In addition, a cross-sectional view taken 
along a line "B-B" in FIG. 1A is illustrated in FIG. IB. 

[006] On the surface of a transparent substrate la adjacent to the 
liquid crystal layer, a scan signal line 2 made of, for example, aluminum 
(Al) is formed extending along the x-direction, as shown in FIG. 1A. In 
addition, a reference signal line 4, also known as a common line, is 
formed extending along the x-direction, close to the scan signal line 2 on 
the +y-direction side thereof. The reference signal line 4 is also made of, 
for example, Al. A region surrounded by the scan signal line 2, the 
reference signal line 4, and video signal lines 3 constitutes the unit pixel 
region 10. 

[007] In addition, the unit pixel region 10 includes a reference 
electrode 14 formed by the reference signal line 4, and another reference 
electrode 14 formed adjacent to the scan signal line 2. The pair of 
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horizontally extending reference electrodes 14 are positioned adjacent to 
one of a pair of video signal lines 3 (on the right side of FIG. 1A), and are 
electrically connected to each other through a conductive layer 14a, 
which is formed simultaneously with the reference electrodes 14. 

[008] In the structure described above, the reference electrodes 14 
form a pair extending in the direction parallel to the scan signal line 2. 
In other words, the reference electrodes 14 form a strip extending in a 
direction perpendicular to the video signal lines 3. 

[009] As shown in FIGs. 1A and IB, a first insulating layer 11 
made of, for example, silicon nitride is formed on the surface of the lower 
substrate la on which the scan signal lines 2 are formed, thereby 
overlying the scan signal line 2, the reference signal lines 4, and the 
reference electrodes 14. The first insulating layer 11 functions as (a) an 
inter-layer insulating film for insulating the scan signal line 2 and the 
reference signal line 4 from the video signal lines 3, (b) as a gate- 
insulating layer for a region in which a thin film transistor (TFT) is 
formed, and (c) as a dielectric film for a region in which a capacitor 
"Cstg" is formed. The TFT includes a drain electrode 3a and a source 
electrode 15a. A semiconductor layer 12 for the TFT is formed near a 
crossing point of the gate and data lines (scan signal lines and video 
signal lines) 2 and 3. A first polarization layer 18 is formed on the other 
surface of the lower substrate la. 

[OlO] On the first insulating layer 11, a display electrode 15 is 
formed parallel with the reference electrode 14. One end portion of the 
display electrode 15 is electrically connected to the conductive layer 14a, 
and the other end portion thereof is electrically connected to the source 
electrode 15a. Still on the first insulating layer 1 1, a first planar layer 16 
is formed to cover the display electrode 15. A first alignment layer 17 is 
formed on the first planar layer 16. 

[Oil] Under an upper substrate lb, a black matrix 30 is disposed. 
A color filter 25 is formed to close an opening in the black matrix 30. A 
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second planar layer 27 is placed to cover the color filter 25 and the black 
matrix 30. A second alignment layer 28 is placed under the surface of 
the second planar layer 27 facing the liquid crystal layer LC. 

[012] The color filter 25 is formed to define three unit pixel regions 
adjacent to and extending along the video signal line 3 and to position a 
red (R) filter, a green (G) filter, and a blue (B) filter, for example, from the 
top of the three unit pixel regions. The three unit pixel regions constitute 
one pixel region for color display. 

[013] A second polarization layer 29 is also arranged on the 
surface of the upper substrate lb that is opposite to the surface of the 
upper substrate lb adjacent to the liquid crystal layer LC, on which 
various layers are formed as described above. 

[014] It will be understood that in FIG. IB, a voltage applied 
between the reference electrodes 14 and the display electrode 15 causes 
an electric field "E" to be generated in the liquid crystal layer LC in 
parallel with the respective surfaces of the lower and upper substrates 
la and lb. This is why the illustrated structure is referred to as the in- 
plane switching LCD device, as mentioned above. 

[015] With reference to FIGS. 2, 3A, and 3B, operation modes of a 
typical IPS LCD device are explained in detail. 

[016] FIG. 2 is a conceptual cross-sectional view illustrating the 
operation of the typical IPS LCD device. As shown, first and second 
substrates la and lb are spaced apart from each other, and a liquid 
crystal LC is interposed therebetween. The first and second substrates 
la and lb are called an array substrate and a color filter substrate, 
respectively. On the first substrate la, pixel and common electrodes 15 
and 14 are disposed. The pixel and common electrodes 15 and 14 are 
parallel with and spaced apart from each other. On a surface of the 
second substrate lb, a color filter 25 is disposed opposing the first 
substrate la. The pixel and common electrodes 15 and 14 apply an 
electric field "E" to the liquid crystal molecules LCM. The liquid crystal 
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molecules LCM have a negative dielectric anisotropy, and thus are 
aligned parallel to the electric field "E". The pixel electrode 15 and 
common electrode 14 are the display electrode 15 and reference 
electrode 14 of FIG. IB, respectively. 

[017] FIGs. 3A and 3B illustrate operation modes for the typical 
IPS-LCD device shown in FIG. 2. During the off-state, the long axes of 
the liquid crystal molecules LCM maintain some angle with respect to an 
invisible line that is perpendicular to the pixel and common electrodes 
15 and 14. The angle is 45 degrees, for example. At this point, the pixel 
and common electrode 15 and 14 are parallel with each other. 

[018] During the on-state, an in-plane electric field "E", which is 
parallel to the surface of the first substrate la, is generated between the 
pixel and common electrodes 15 and 14. The reason is that the pixel 
electrode 15 and common electrode 14 are formed together on the first 
substrate la. Then, the liquid crystal molecules LCM are twisted such 
that the long axes thereof coincide with the electric field direction. 
Thereby, the liquid crystal molecules LCM are aligned such that the long 
axes thereof are perpendicular to the pixel and common electrodes 15 
and 14. The liquid crystal used in the above-mentioned IPS LCD device 
includes a negative dielectric anisotropy. 

[019] Referring now to FIGs. 4, 5A, and 5B, problems of a 
conventional IPS LCD device are explained. 

[020] FIG. 4 shows a lower substrate of the IPS LCD device 
according to a related art. A gate line 21 and a common line 51 are 
arranged parallel to each other, and a data line 31 is arranged 
perpendicular to the gate and common lines 21 and 51. At a crossing 
portion of the gate and data lines 21 and 31, a gate electrode 22 and a 
source electrode 32 are disposed. The gate and source electrodes 22 and 
32 are integrally connected with the gate line 21 and the data line 31, 
respectively. The source electrode 32 overlaps a portion of the gate 
electrode 22. In addition, a drain electrode 33 is disposed opposite to 
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the source electrode 32 with an interval therebetween, and an active 
layer 41 made of an amorphous silicon is disposed under the source and 
drain electrodes 32 and 33. 

[021] A plurality of common electrodes 53 are disposed 
perpendicular to the common line 51 and connected thereto at a first 
common crossing portion 54. The plurality of common electrode 53 are 
spaced apart from each other with a predetermined interval 
therebeetween and further connected with a common connecting line 52 
at a second common crossing portion 55. The common connecting line 

52 is disposed opposing to the common line 5 1 . 

[022] A plurality of pixel electrodes 63 are disposed perpendicular 
to a first pixel connecting line 61 and a second pixel connecting line 62 
and connected thereto at a first pixel crossing portion 64 and at a 
second pixel crossing portion 65, respectively. The first and second pixel 
connecting lines 61 and 62 are preferably disposed over the common line 
51 and the common connecting line 52, respectively. Specifically, the 
second pixel connecting line 62 is electrically connected with the drain 
electrode 33 of the TFT labelled T. The plurality of common electrodes 

53 and the pixel electrodes 63 are spaced apart from each other with a 
predetermined interval therebetween and arranged in an alternating 
pattern. Therefore, each common electrode 53 is parallel to an adjacent 
pixel electrode 63. 

[023] For the above-described conventional IPS LCD device, the 
first and second alignment layers 17 and 28 (in FIG. IB) are used to 
control a first alignment state of the liquid crystal layer LC (in FIG. IB). 
The alignment layers were already rubbed in a definite rubbing direction 
that corresponds to a desired first alignment state of the liquid crystal 
layer. Therefore, when the liquid crystal layer is injected into the IPS 
LCD device, it is aligned in accordance with the rubbing direction of the 
alignment layers such that the first alignment state thereof is achieved. 
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[024] When an electric field "E" (in FIG. IB) is generated between 
the common electrode 53 and the pixel electrode 63, molecules of the 
liquid crystal layer are aligned in accordance with the electric field 
direction, which forms certain angles with the rubbing direction. The 
electric field should be uniform throughout an interval between the 
common electrode 53 and the adjacent pixel electrode 63 to achieve a 
high display quality. However, in the conventional IPS LCD device shown 
in FIG. 4, the electric field is usually distorted at the common connecting 
portions 54, 55 and at the pixel connecting portions 64, 65, thereby 
causing a disclination. A detailed explanation will be provided with 
reference to FIGs. 5A and 5B. 

[025] In FIG. 5A, before electrical signals are applied to the 
common electrode 53 and the pixel electrode 63, liquid crystal molecules 
80 (in FIG. 5B) are aligned according to a rubbing direction "R" of the 
alignment layers. The rubbing direction "R" is preferably at an angle of 
10 to 20 degrees with respect to the pixel electrode 63. 

[026] When electrical signals are applied, a uniform electric field 
71 is generated between the common electrode 53 and the pixel 
electrode 63, and distorted electric fields 72 and 73 are generated at the 
first common and pixel connecting portions 54 and 64. The uniform 
electric field 71 is uniformly perpendicular to the common and pixel 
electrodes 53 and 63. However, the distorted electric fields 72 and 73 are 
rounded and appear opposite to corners where the common electrode 53 
and the pixel electrode 63 communicate with the common line 51 and 
the pixel connecting line 61, respectively. At this point, the distorted 
electric field 72 in a first sub-pixel region 91 and the other distorted 
electric field 73 in a second sub-pixel region 92 are symmetrical with 
respect to the pixel electrode 63 centered between the first and second 
regions 91 and 92. 

[027] As shown in FIG. 5B, the liquid crystal molecules 80 rotate 
in accordance with not only the uniform electric field 71 (in FIG. 5A) but 
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also with the distorted electric fields 72 and 73 (in FIG. 5A). In the first 
sub-pixel region 91, all of the liquid crystal molecules 80 rotate in a 
counterclockwise direction, regardless of the difference between the 
uniform electric field 71 (in FIG. 5A) and the distorted electric field 72 (in 
FIG. 5A). In the second sub-pixel region 92, however, a portion 80a of 
the liquid crystal molecules 80 rotates in a clockwise direction in 
accordance with the other distorted electric field 73 (in FIG. 5A), thereby 
causing an abnormal alignment at these corner portions. The abnormal 
alignment of the portion 80a results in the disclination, thereby 
deteriorating the display qualities including brightness and viewing 
angle of the IPS LCD device. 

SUMMARY OF THE INVENTION 
[028] To overcome the problems described above and other 
problems, an embodiment of the present invention provides an IPS LCD 
device, which has improved display qualities. The present invention, in 
part, provides an array substrate for an IPS LCD device, the array 
substrate including: a gate line and a data line on a substrate, the gate 
and data lines perpendicularly crossing with each so as to define a pixel 
region; a thin film transistor electrically connected with the gate line and 
the data line; a plurality of common electrodes disposed on the pixel 
region, each common electrode being parallel to the data line; a common 
line connecting with the plurality of common electrodes, the common 
line being parallel to the gate line; a plurality of pixel electrodes on the 
pixel region, the plurality of pixel electrodes and common electrodes 
being arranged in an alternating order with a predeterminned interval 
between the adjacent common and pixel electrodes; and a first pixel 
connecting line connecting with the plurality of pixel electrodes and 
overlapping the common line, wherein a corner portion where the pixel 
electrode meets the first pixel connecting line is slanted with respect to 
the corresponding pixel electrode. The corner portion is preferably 
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slanted to have an angle of greater than 90 and less than 180 degrees 
with respect to the corresponding pixel electrode. 

[029] In accordance with an aspect of the present invention, there 
is provided an array substrate device for use in an IPS LCD device, 
comprising: a gate line disposed in a transverse direction on a 
substrate; a data line disposed in a longitudinal direction 
perpendicularly crossing the gate line, the data line defining a pixel 
region with the gate line; a common line disposed in a transverse 
direction adjacent to the gate line on the substrate; a thin film transistor 
adjacent to a crossing portion of the gate and data lines, the thin film 
transistor including a gate electrode, a semiconductor layer, a source 
electrode and a drain electrode; a plurality of common electrodes in the 
pixel region on the substrate, one ends of the plurality of common 
electrodes coupled with the common line; a gate insulation layer 
covering the gate line, the gate electrode, the common line and the 
plurality of common electrodes; a passivation layer covering the data line, 
the source electrode and the drain electrode, the passivation layer 
having a drain contact hole exposing the drain electrode; a plurality of 
pixel electrodes in the pixel region on the substrate, wherein the 
plurality of pixel electrodes and common electrodes are arranged in an 
alternating manner and a pair of pixel and common electrodes define a 
sub-pixel region with a predetermined interval therebetween; a first pixel 
connecting line disposed on the passivation layer over the common line 
and coupled with one ends of the plurality of pixel electrodes; first 
slanted slopes at corners where the common electrodes meet the 
common line in upper portions of one of the even- and odd-numbered 
sub-pixel regions; and second slanted slopes at corners where the pixel 
electrodes meet the first pixel connecting line in the upper portions of 
one of the even- and odd-numbered sub-pixel regions; wherein each of 
the first slanted slopes and each of the second slanted slopes cross each 
other. 
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[030] In accordance with another aspect of the present invention, 
there is provided an array substrate device for use in an IPS LCD device, 
comprising: a common line disposed in a transverse direction adjacent to 
a gate line on a substrate; a plurality of common electrodes in a pixel 
region on the substrate, one ends of the plurality of common electrodes 
coupled with the common line; a plurality of pixel electrodes in the pixel 
region on the substrate, wherein the plurality of pixel electrodes and 
common electrodes are arranged in an alternating manner and a pair of 
pixel and common electrodes define a sub-pixel region with a 
predetermined interval therebetween; a first pixel connecting line 
disposed over the common line and coupled with one ends of the 
plurality of pixel electrodes; first slanted slopes at corners where the 
common electrodes meet the common line in upper portions of one of the 
even- and odd-numbered sub-pixel regions; and second slanted slopes at 
corners where the pixel electrodes meet the first pixel connecting line in 
the upper portions of one of the even- and odd-numbered sub-pixel 
regions; wherein each of the first slanted slopes and each of the second 
slanted slopes cross each other. 

[031] These and other objects of the present application will 
become more readily apparent from the detailed description given 
hereinafter. However, it should be understood that the detailed 
description and specific examples, while indicating preferred 
embodiments of the invention, are given by way of illustration only, since 
various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[032] The present invention will become more fully understood from 
the detailed description given hereinbelow and the accompanying drawings 
which are given by way of illustration only, and thus do not limit the 
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present invention. 

[033] In the accompanying drawings, like reference numerals 
denote like parts. 

[034] FIG. 1A is a plan view illustrating an IPS LCD device 
according to a related art; 

[035] FIG. IB is a cross-sectional view taken along a line "B-B" of 
FIG. 1A; 

[036] FIG. 2 is a conceptual cross-sectional view illustrating a 
typical IPS LCD device; 

[037] FIG. 3 A is a perspective view illustrating "off state" of the IPS 
LCD device of FIG. 2; 

[038] FIG. 3B is a perspective view illustrating "on state" of the 
IPS LCD device of FIG. 2; 

[039] FIG. 4 is a plan view illustrating an IPS LCD device 
according to a related art; 

[040] FIGs. 5A and 5B are expanded plan views showing a portion 
"A" of FIG. 4; 

[041] FIG. 6 is a plan view illustrating an IPS LCD device 
according to an embodiment of the present invention; 

[042] FIG. 7 is a cross-sectional view taken along a line "VII-VH" of 
FIG. 6 according to an embodiment of the present invention; and 

[043] FIGs. 8A and 8B are expanded plan views showing a region 
"B" of FIG. 6 according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFFERED EMBODIMENTS 
[044] Reference will now be made in detail to example 

embodiments of the present invention, example of which is illustrated in 

the accompanying drawings. 

[045] FIG. 6 is a plan view illustrating an IPS LCD device 

according to an embodiment of the present invention, and FIG. 7 is a 

cross-sectional view taken along a line "VII-VH" of FIG. 6. 
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[046] As shown in FIGs. 6 and 7, gate lines 121 each including at 
least one gate electrode 122 are formed in a transverse direction on a 
substrate 110. Between the gate lines 121, a plurality of common 
electrodes 125 are formed perpendicular to the gate lines 121. A 
common line 123 and a common connecting line 124 parallel to the gate 
line 121 are formed at both ends of the plurality of common electrodes 
125, respectively. Specifically, each common electrode 125 is connected 
with the common line 123 at a first common connecting portion 126, 
and connected with the common connecting line 124 at a second 
common connecting portion 127. The common connecting line 124 is 
optional and may not be included necessarily in an IPS LCD device 
depending on the application. 

[047] The gate line 121, the common line 123, the common 
connecting line 124, and the common electrode 125 are preferably made 
of an opaque metal, but can be made of other suitable materials. The 
opaque metal preferably can be at least one of chromium (Cr), aluminum 
(Al), aluminum alloy (Al alloy), molybdenum (Mo), tantalum (Ta), 
tungsten (W), antimony (Sb), alloys thereof, or alloy mixture thereof. 

[048] A gate insulating layer 130 covers the gate line 121, the 
common line 123, the common connecting line 124, and the common 
electrode 125 formed on a substrate 110. An active layer 141 made of, 
e.g., an amorphous silicon layer is formed on the gate insulating layer 
130 over the gate electrode 122, and an ohmic contact layer 152 made of, 
e.g., a doped amorphous silicon layer is formed on the active layer 141. 

[049] Further on the gate insulating layer 130, data lines 161 
crossing the gate lines 121 are formed. A source electrode 162 extending 
from the data line 161 and a drain electrode 163 spaced apart from the 
source electrode 162 are formed on the ohmic contact layer 152. Similar 
to the gate line 121, the data line 161, the source electrode 162, and the 
drain electrode 163 are preferably made of a conductive material, e.g., a 
metal. 
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[050] A passivation layer 170 covers the data line 161, the source 
electrode 162, and the drain electrode 163. The passivation layer 170 is 
preferably made of, e.g., silicon oxide (SiCb), silicon nitride (SiNx), or 
other suitable materials, and includes a contact hole 171 that exposes a 
portion of the drain electrode 163. 

[051] On the passivation layer 170, a first pixel connecting line 
181 and a second pixel connecting line 182 are formed overlapping the 
common line 123 and the common connecting line 124, respectively. 
Between the first and second pixel connecting lines 181 and 182, a 
plurality of pixel electrodes 183 are formed in an alternating order with 
the plurality of common electrodes 125. At this point, each pixel 
electrode 183 is spaced apart from the adjacent common electrode 125 
with a predetermined interval therebetween. 

[052] The pixel electrode 183 is connected with the first and 
second pixel connecting lines 181 and 182 at a first pixel connecting 
portion 184 (i.e., a portion of the first pixel connecting line 181) and at a 
second pixel connecting portion 185 (i.e., a portion of the second pixel 
connecting line 182), respectively. The second pixel connecting line 182 
is electrically connected with the drain electrode 163 via the contact hole 
171. However, in another embodiment, one of the first and second pixel 
connecting lines 181 and 182 may not be included in the IPS LCD device 
according to the present invention. In that case, the pixel electrode 183 
is directly connected with the drain electrode 163. 

[053] The first and second pixel connecting lines 181 and 182, 
and the pixel electrodes 183 are preferably made of a transparent 
conductive material but may be made of an opaque conductive material 
such as a metal, or other suitable material. The transparent conductive 
material can be at least one of indium tin oxide (ITO), indium zinc oxide 
(IZO), or a mixture thereof. If the opaque conductive material such a 
metal is selected for the pixel electrode 183, the pixel electrode 183 and 
the like can be formed using the same process of forming the data line 
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161 and the like, thereby decreasing the number of processes being 
performed in the fabrication stage. In that case, the contact hole 171 of 
the passivation layer 170 may not be needed. 

[054] Liquid crystal molecules are aligned in accordance with a 
rubbing direction "R" of alignment layers (not shown) in a first alignment 
state. The rubbing direction "R" is preferably at about 10 to 20 degrees 
in angle with respect to the pixel electrode 183. In another embodiment, 
the alignment layer may be photo-aligned instead of being rubbed. The 
rubbing direction "R" is alternatively referred to as a first alignment 
direction, because the liquid crystal molecules are aligned in accordance 
with the rubbing direction "R" when no electric field is applied to the 
liquid crystal molecules. 

[055] In the IPS LCD device according to an embodiment, the first 
and second pixel connecting portions 184 and 185 have slanted corners 
or corner portions defining obtuse angles with respect to the pixel 
electrodes 183. Further, the first and second common connecting 
portions 126 and 127 also have slanted corners or corner portions 
defining obtuse angles with respect to the common electrodes 125, 
respectively. Because of the slanted corners, liquid crystal molecules 
disposed between adjacent pixel and common electrodes 183 and 125 
are uniformly aligned in accordance with an electric field applied 
between the adjacent pixel and common electrodes 183 and 125. 
Specifically, the second pixel connecting portion 185 in a first sub-pixel 
region 191 and the first common connecting portion 126 in a second 
pixel region 192 have the slanted corners. A detailed explanation is 
provided with reference to FIGs. 8 A and 8B illustrating expanded plan 
views of the region in FIG. 6. 

[056] Referring to FIG. 8A, the first common connecting portion 
126 positioned at the upper portion of the common electrode 125 in the 
second sub-pixel region 192 has a slanted corner 126a slanted to the 
adjacent common electrode 125 in the same sub-pixel region 192. The 
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slanted corner 126a forms an obtuse angle <x in the range of above 90 to 
below 180 degrees with the connected common electrode 125. Advisably, 
the obtuse angle a ranges from 100 to 150 degrees in a preferred 
embodiment. In addition, the first pixel connecting portion 184 
positioned at the upper portion of the pixel electrode 183 in the second 
sub-pixel region 192 has a slanted corner 184a slanted with respect to 
the adjacent common electrode 125 in the same sub-pixel region 192. 
The slanted corner 184a forms an obtuse angle (3 in the range of above 
90 to below 180 degrees with the connected pixel electrode 183. 
Advisably, the obtuse angle (3 ranges from 100 to 150 degrees in the 
preferred embodiment. In this manner, the slanted corner 126a of the 
first common connecting portion 126 and the slanted corner 184a of the 
first pixel connecting portion 184 are slanted to cross each other in the 
second sub-pixel region 192. 

[057] In a fourth sub-pixel region 194 and other corresponding 
regions, each of the first pixel and common connecting portions 184 and 
126 has the slanted corner discussed above in connection with the 
second sub-pixel region 192. The other corners of the first pixel and 
common connecting portions 184 and 126 in the second and fourth sub- 
pixel regions 192 and 194 are not slanted but are at 90 degrees in angle. 
In the first sub-pixel region 191 and a third sub-pixel region 193, 
however, not the first ones but the second pixel and common connecting 
portions 185 and 127 of FIG. 6 have the same slanted corners discussed 
above in connection with the second sub-pixel region 192. 

[058] When electrical signals are applied to the common electrode 
125 and the pixel electrode 183, a first electric field 191a is generated 
therebetween, and a second electric field 192a is generated between the 
first common and pixel connecting portions 126 and 184. Because of the 
slanted corners 126a and 184a of the first common and pixel connecting 
portions 126 and 184, the second electric field 192a is perpendicular to 
the common and pixel electrodes 125 and 183 similar to the first electric 



15 



Rule 53(b) Cont. of Appl. No. 09/974,842 
Attorney Docket No. 3430-0 194P 

field 191a. Thus, a uniform electric field is formed throughout one sub- 
pixel region in the IPS LCD device according to the embodiment of the 
present invention. Accordingly, as shown in FIG. 8B, all of liquid crystal 
molecules 200 rotate in the same direction, e.g., a counterclockwise 
direction, thereby occurring no disclination and improving the 
performance of the IPS LCD device. 

[059] The slanted corners 126a and 184a preferably have the 
same angle to be symmetrical with each other, but may have different 
angles so as to rotate the liquid crystal molecules 200 in a desired 
direction, e.g., counterclockwise direction. For example, when the 
rubbing direction "R" in FIG. 6 is at about 10° to 20° angle in the left of 
the common electrode 125, if only the first pixel connecting portion 184 
has the slanted corner 184a, the first common connecting portion 126 
may not necessarily need the slanted corner 126a but can have a 90 
degree angled corner instead. In addition, when the rubbing direction 
"R" is at about 10° to 20° angle in the right of the common electrode 125, 
if only the first common connecting portion 126 has the slanted corner 
126a, the first pixel connecting portion 184 may not necessarily need the 
slanted corner 184a but can have a 90 degree angled corner instead. 

[060] Optionally, the slanted corners may also be formed at the 
first common connecting portion 126 and the first pixel connecting 
portion 184 of the first or third sub-pixel regions 191 and 193 as well as 
the second and fourth sub-pixel regions 192 and 194. In that case, all 
the liquid crystal molecules 200 also rotate in the same direction, 
thereby preventing the disclination. 

[061] In another aspect, the rubbing direction "R" in FIG. 6 may 
be differently formed, for example, about 10 to 20 degrees in the right 
with respect to the common electrode 125. In that case, the slanted 
corners 126a and 184a are preferably formed at the first common and 
pixel connecting portions 126 and 184 of the first and third sub-pixel 
regions 191 and 193 and at the second common and pixel connecting 
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portions of the second and fourth sub-pixel regions 192 and 194. 
Accordingly, all the liquid crystal molecules 200 rotate in the desired 
clockwise direction when the electrical signals are applied to the pixel 
and common electrodes. 

[062] The invention being thus described, it will be obvious that the 
same may be varied in many ways. Such variations are not to be regarded 
as a departure from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art are intended to 
be included within the scope of the following claims. 
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